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(57) A novel contact structure and method for a mul- 
tilayer gettering contact metallization Is provided utiliz- 
ing a thin layer of a pure metal as the initial layer fonned 
on a semiconductor cap layer. During fomnation of the 
contact structure, this thin metal layer reacts with the 
cap layer and the resulting reacted layer traps mobile 
Impurities and self-interstitlats diffusing within the cap 
layer and in nearby metal layers, preventing further mi- 
gration into active areas of the semiconductor device . 
The contact metaittzation Is formed of pure metal layers 
compatible with each other and with the underlying sem- 



iconductor cap layer such that depth of reaction is min- 
imized and controllable by the thickness of the metal lay- 
ers applied. Thin semiconductor cap layers, such as !n- 
GaAs cap layers less than 200 nm thick, may be used 
in the present invention with extremely thin pure metal 
layers of thickness 10 nm or less, thus enabling an In- 
creased level of integration for semiconductor optoelec- 
tronic devices. In addition, because pure metal layers 
are used In the ohmic contact, fewer Impurities are in- 
troduced in the fonnatlon of the contact than with prior 
art alloy contacts. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates generally to the 
field of ohmic contacts for semiconductor electronic de- 
vices and, more particularly, to a low-penetration ohmic 
contact providing a gettering function to remove impuri- 
ties from semiconductor devices and to a method of 
forming it. 

2. DESCRIPTION OF THE RELATED ART 

[0002] In recent years, communications systems 
have been developed in many parts of the world that 
take advantage of optical fiber technology to Increase 
the speed of infonmation transfer. Demand for ever-high- 
er Information transfer rates has resulted In pressure to 
advance the state of the art of optoelectronic communi- 
cations technology, including the design and manufac- 
turing of semiconductor lasers. 
[0003] Semiconductor lasers are the power sources 
for optoelectronic communications. They transfonn 
electronic signals Into light with specific properties of In- 
tensity and spectral purity designed to allow for trans- 
mission of infomnation over optical fiber networks. Al- 
though prior art semiconductors most commonly em- 
ployed the elements Si and Ge, listed in Group IV of the 
Periodic Table, other materials, such as intermetallic 
compounds, have also been found to exhibit properties 
useful in the fonnation of semiconductor lasers. 
[0004] Modern semiconductor lasers are precision 
devices in which many layers of semiconductors are 
used to control the flow of curent and light. The device 
may have as many as twenty or more semiconductor 
substructures and require up to 4 or 5 crystal growth 
steps. The active region of the laser, the area in which 
the conversion of electrons and holes to photons occurs, 
may be made up of a number of substructures called 
quantum wells, some of which may be only 10 atoms 
thick. 

[0005] In order to provide high efficiency of conver- 
sion of electrical to optical power, the electrical fields in- 
side the active region should be controlled. This implies 
a high degree of control of the dopant Impurities In the 
neighborhood of the active region. Impurities deliberate- 
ly introduced into the semiconductor to modify the car- 
rier density and control conductivity type should be con- 
trolled with respect to position and density to a high de- 
gree of spatial precision - a few nanometers (nm). 
[0006] The contact metallization, or the part of the la- 
ser that interfaces with the outside world to provide 
chemical barriers and electrical contacts, has generally 
received less attention in design efforts than the active 
region itself. Designs for the contact structure have been 
nearly frozen for a long time. However, In recent years 



it has become apparent that the control of dopant diffu- 
sion into the active region requires that the other layers 
be optimized with respect to thickness and doping den- 
sity. This has in turn placed additional requirements on 
s the contact metallization, or ohmic contact. 

[0007] Ohmic contacts to semiconductor devices are 
the point at which the outside world in the form of elec- 
tricity flowing In wires Influences the semiconductor. In 
addition to the obvious function of conducting electricity, 
fo ohmic contacts provide chemical isolation of the active 
region from impurities that can affect device perform- 
ance. These impurities are often generated by further 
processing of the device during manufacturing or during 
normal usage. Ohmic contacts also provide an impor- 
ts tant path for heat to escape from the active region , and 
they may also be required to provide mechanical Isola- 
tion of the device during bonding processes. To perform 
these functions, the contact structure applied to the 
semiconductor may be comprised of many layers, all of 
20 which should be compatible with each other and with 
the semiconductors and other elements of the device. 
[0008] In modem ohmic contacts, the ohmic function 
is provided by one or a few layers of metal and the other 
functions (chemical barrier, mechanical protection, etc.) 
2s are provided by other layers specifically aimed at those 
purposes. Ohmic metallization recipes of the "alloyed" 
type Incorporate a solvent metal such as Au which re- 
acts strongly with the semiconductor and a dopant ele- 
ment such as Sn or Ge for N-type lll-V materials and Be 
30 or Zn for P-type materials. The purpose of the solvent 
Is to break up the semiconductor and form a strong 
physical bond. The purpose of the dopant is to Increase 
the concentration of acceptors or donors In the immedi- 
ate neighborhood of the interface and thereby reduce 
35 the contact resistance. Such an "alloyed" ohmic contact 
recipe is primarily designed to optimize contact resist- 
ance. 

[0009] The classic ohmic contact used in many cur- 
rent optoelectronic devices is produced using an alloyed 

40 ohmic contact recipe and consists of Au and Be, This 
contact is used for P-type materials and consists of an 
alloy of Au and Be which is evaporated as a single film 
from a source of mixed metal. The Au Is a solvent and 
the Be a P-type dopant. The vapor pressures of Au and 

4S Be are similar enough to allow material of essentially 
constant composition to be applied by physical evapo- 
ration, typk»lly In an vacuum chamber at pressures be- 
low 5 x 1 0-7 Torr using an electron-beam gun as a power 
source. The AuBe alloy is applied to the semiconductor 

50 through a patterned photoresist mask and the excess 
metal lifted off when the photoresist is dissolved in ac- 
etone. The AuBe layer is then annealed (heated) at a 
temperature of 350 -420 degrees Celsius to fomi the 
metallurgical bond and other metal layers are applied in 

55 subsequent fabrfcation steps to fonn the protective bar- 
rier and mechanical bond layers. 
[0010] At the end of the complete metallization proc- 
ess, the metals In the stack may comprise up to 5 mi- 
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crons of metal in 7 to 10 distinct layers. For example, a 
typical metallization might have the sequence: 
AuBe\Ti\Pt\Au\Au\Pt\ALi (I.e., AuBe is first deposited, Ti 
is deposited on the AuBe, Pt is deposited on the Ti, etc.), 
In which the AuBe layer functions as the ohmic contact 
interface to the semiconductor, the sequence TiVPtNAu 
functions as the barrier metallization for chemical pro- 
tection, and the sequence Au\Pt\Au functions as the 
bonding layer for mechanical protection. It is desirable 
to use Au as a final layer of a metal sequence which will 
be exposed to air or processing materials. This Is be- 
cause Au Is the least reactive and most easily cleaned 
metal. 

[001 1] Between the semiconductor and the metal lay- 
ers, a layer of low-bandgap, lattice-matched semicon- 
ductor is often applied as the final "cap layer" Interface 
to reduce the Schottky barrier height and further facili- 
tate the contact. In the case of the InGaAsP alloy sys- 
tem, the lattice-matched material is InGaAs. An addi- 
tional benefit of using inGaAs as the cap layer is that it 
has a higher solubility for the preferred P-dopantZnthan 
does In P. 

[0012] However, the use of an InGaAs cap layer 
presents a hazard of Introducing additional Impurities in- 
to the active region of the semiconductor. Uncontrolled 
diffusion of Zn, an impurity, in the neighborhood of the 
active region occurs mainly during the growth of the In- 
GaAs cap layer. Therefore, it is desirable to minimize 
the amount of time spent forming the cap layer, thus re- 
ducing the desired cap layer thickness. In the past, most 
laser devices used a 500 nm thick cap layer. Recently, 
this was reduced to 200 nm and more recently to a min- 
imum of 50 nm. 

[0013] Because of the concern to reduce the thk:k- 
ness of the InGaAs cap layer, development efforts were 
aimed at producing a "low penetration contact" which 
was designed to react with a controlled minimum 
amount of semiconductor. The depth of reaction with the 
semteonductor Is controlled by the thickness of the lay- 
ers of metallization which interacted directly with the 
semiconductor. The idea is that the complete reaction 
of the layers of metal whrch combine with the semicon- 
ductor consumes only a small amount of semkx)nductor 
cap layer material. In order to make sure that the total 
penetration of the metal is kept to a desired limit, It is 
necessary to use very thin layers at the semiconductor/ 
metal interface. For purposes of manufacturabllity, it Is 
desirable that the very thin layers be made of single el- 
ements, not alloys, mixtures, or compounds. 
[0014] The classic AuBe ohmic contact was found to 
be unsuitable for use with thin (approximately 50 nm) 
InGaAs cap layers. The depth of reaction of AuBe with 
the cap layer is highly variable, sometimes resulting in 
excess penetration of AuBe into the underlying InP sub- 
strate. Thus, a thick cap layer of about 200 nm or more 
is usually required for satisfactory reliability of the AuBe 
contact. 

[0015] In addition to the Zn impurity hazard. Copper 



(Cu) is an even more dangerous impurity for InGaAsP 
semiconductor devices. Even at very low levels, Cu ions 
act as efficient destroyers of electrons and holes via a 
process called non -radiative recombination. Cu also dif- 
5 fuses rapidly through the semiconductor. Cu Is most of- 
ten introduced as an impurity in the contact metalliza- 
tion, either in the original AuBe source material or due 
to processing steps. Thus it is desirable to use metalli- 
zation source materials unlikely to contain Cu impurities. 
10 Cu impurities are often present in the AuBe source met- 
al, degrading reliability of the resulting semiconductor 
device and requiring extensive composition control of 
the alloy during contact formation. These problems are 
distinctly alloy- related; they are not significant In contact 
15 recipes using only pure metal layers. 

[0016] An ohmic contact recipe containing pure metal 
layers was proposed for use with thin InGaAs cap layers 
in U.S. Patent Application No. 09/017,103, which is 
hereby incorporated by reference herein. In this appli- 
cation, a contact metallization with sequence 
Pt\Ti\R\Au\Ti\Pt\Au\Au\Pt\Au was used and tested with 
a 50 nm thick InGaAs cap layer on a Ill-V semiconductor 
device. This metallization sequence effectively replaces 
the AuBe alloy with a sequence of pure metal layers: 
Pt\Tl\R\Au. The resulting contact showed excellent con- 
tact resistivity, very low depth of reaction into the cap 
layer, and was thought to contain few impurities. 
[0017] However, detailed analysis of this contact met- 
allization suggested that the resulting device may be fur- 
ther improved. Secondary ion mass spectroscopy 
(SIMS) and Auger electron spectroscopy showed Indi- 
cations that Zn impurities in the InGaAs cap layer, which 
were deliberately introduced as a dopant during epitax- 
ial growth of the cap layer, did not appear to migrate 
upward from the p-type semiconductor material, includ- 
ing the cap layer, as may have happened in the AuBe 
layer of the classic AuBe contact during alloying. Im- 
provements In device reliability could be obtained if Zn 
migration Into the pure metal layers could be encour- 
aged with this metallization. 

[0018] Therefore, there is a desire and need for an 
ohmic contact recipe compatible with thin (50 nm) in- 
GaAs cap layers, containing few impurities, exhibiting 
minimal resistivity, made of single elements capable of 
being manufactured In extremely thin layers, and result- 
ing in devices showing Improved reliability characteris- 
tics. 

SUMMARY OF THE INVENTION 

[0019] The present invention provides a novel ohmic 
contact metallization structure and method utilizing a 
thin pure metal layer designed to react with the semi- 
conductor cap layer to getter Zn and other interstitial im- 
purities. The resulting contact structure exhibits favora- 
ble reliability and resistivity characteristics and enables 
a higher level of integration for semiconductor devices 
by pemiltting the use of very thin layers in a low-pene- 
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tratlon contact structure. 

[0020] The present invention also provides an alter- 
native to the prior art design scheme for ohmic contact 
structures. Prior art contact structure design was prima- 
rily concerned with minimizing contact resistance. The 
present invention provides an Improved ohmIc contact 
design scheme In which device reliability Is the primary 
design goal, rather than minimal contact resistance. An 
ohmic contact metallization recipe showing improved 
reliability, excellent resistivity, and increased levels of in- 
tegration can be obtained using the present invention. 
[0021] The above and other features and advantages 
of the Invention are achieved by forming a multilayer get- 
tering contact metallization including a thin layer of a 
metal as the initial layer fomned on the semiconductor 
cap layer for trapping impurities, dopants and self-inter- 
stttiats. During formation of the contact structure, impu- 
rities, self-interstitlals and other defects present in the 
cap layer and in other nearby layers diffuse into metal 
layers forming the contact structure, preventing further 
migration into active areas of the semiconductor device. 
The contact metallization is formed of pure metal layers 
compatible with each other and with the underlying sem- 
iconductor cap layer such that depth of reaction is min- 
imized (tow-penetration) and controllable by the thick- 
ness of the metal layers applied. Thin semiconductor 
cap layers, such as InGaAs cap layers less than 200 nm 
thick, may be used in the present invention with ex- 
tremely thin pure metal layers of thickness 1 0 nm or less, 
thus enabling an increased level of integration for sem- 
iconductor optoelectronic devices. In addition, because 
pure metal layers are used in the ohmic contact, fewer 
impurities are introduced In the formation of the contact 
than with prior art alloy contacts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The foregoing and other advantages and fea- 
tures of the invention will become more apparent from 
the detailed description of the preferred embodiments 
of the invention given below with reference to the ac- 
companying drawings in which: 

Fig. 1 illustrates a partial cross-sectional view of an 
electroabsorption modulated laser (EML) with a 
contact metallization towned in accordance with the 
present invention; 

Fig. 2 illustrates a block diagram of a method of 
fonming a multilayer contact metallization in accord- 
ance with the present Invention; 
Fig. 3 illustrates a partial cross-sectional view of a 
semiconductor structure at an early stage in the for- 
mation of a multilayer contact metallization In ac- 
cordance with the present Invention; 
Fig. 4 illustrates a partial cross sectional view of the 
structure of Fig. 3 at a later stage of fomnation; 
Fig. 5 illustrates a partial cross-sectional view of the 
structure of Figs. 3 and 4 at a later stage of forma- 



tion; 

Fig. 6 Illustrates a partial cross-sectional view of the 
structure of Figs. 3-5 at a later stage of formation; 
Fig. 7 illustrates a graph of degradation rates com- 
5 paring aging characteristics of the prior art with ag- 
ing characteristics of a multilayer contact metalliza- 
tion formed in accordance with the present inven- 
tion; and 

Fig. 8 illustrates a schematic diagram of an optoe- 
10 lectronic communications system fomied in accord- 
ance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

15 

[0023] In the following description, reference is made 
to exemplary materials used in one embodiment of the 
present invention and exemplary devices formed using 
such an embodiment. However, other materials may be 

20 used and other devices may be constructed using the 
teachings of the present invention as will be understood 
by those skilled in the art. In particular, materials used 
in the present invention are not limited to the compound 
semiconductors discussed and may include non-com- 

25 pound semiconductors or compound semiconductors 
formed from alternate combinations of elements, such 
as those in columns II and IV of the periodic table. Also, 
the devices in which the present invention may be in- 
cluded are not limited to optoelectronic emitters, but 

30 may include optoelectronic absorbers or receivers, 
modulators, or any other semiconductor devk:e for 
which increased levels of integration and reliable elec- 
trical connection would be useful. 
[0024] Fig. 1 shows an electroabsorption modulated 

35 laser (EML) 10 with contact metallization sections 24. 
Contact metallization sections 24 are formed in vias 
etched in dielectric barrier layer 38 that was eariler de- 
posited on semiconductor cap layer 26. Semiconductor 
cap layer 26 is fonned on cladding layer 28 that Is in turn 

40 formed on buffer layer 32. Underlying the above layers 
is sembonductor substrate 34. The EML 1 0 is common- 
ly described in sections, including distributed feedback 
(DFB) laser section 12, trench 14, and electroabsorption 
(EA) modulation section 16. DFB laser section 12 con- 

45 tains multiple quantum-well (MOW) layers 22 and pas- 
sive waveguide (grating) 18. EA modulation section 16 
includes active modulation layers 36. 
[0025] When electric cun-ent above the threshold lev- 
el (Ith) is applied to the contact metallization section 24, 

50 the active MOW layers 22 transduce charge carriers into 
photons, converting input electrical power into output 
optical power. The passive waveguide 36 then transfers 
the optical power to the EA modulator section 16. The 
EA modulation section 16 controls the output optical 

55 power by changing the amount of power absorbed from 
the photon beam by adjusting the electric field in the cav- 
ity or trench 14. The modulated optical signal exits out 
of the modulator facet and is coupled into the optical 
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fiber link of a communications system (not shown in Fig. 
1; see, e.g., Fig. 8). 

[0026] Contact metallization sections 24 are custom- 
arily formed after the other components of the EML 10 
shown in Fig. 1 . Prior to formation of the contact metal- 
lization sections 24, the other sections of EML 10 are 
formed through processes of semiconductor fomiation 
well known in the art. Because the formation of contact 
metallization sections 24 may introduce impurities and 
other defects that degrade the performance of the EML 
1 0, the process of contact formation should be designed 
to minimize impurity introduction or diffusion. 
[0027] The process of contact fomnation of the 
present invention is described in Fig. 2. The method be- 
gins with the fomnation of the semiconductor cap layer 
26 (see Fig. 1) in the Epi3 Growth step 132. The cap 
layer 26 (see Fig. 1 ) is fomied from a low-bandgap sem- 
iconductor, preferably InGaAs, that is doped, preferably 
with Zn, to increase its conductivity and hence reduce 
resistivity. The cap layer 26 may atternativety be doped 
with other conductivity-enhancing dopants, such as car- 
bon. 

[0028] The cap layer is epitaxially grown and lattice- 
matched to the underlying semiconductor layers. The 
dielectric barrier layer 38 (see Fig. 1 ) is fomied on top 
of the cap layer 26 (see Fig. 1) in the Oxide Deposition 
step 134. The dielectric barrier layer 38 may be formed 
from an insulator capable of protecting the underlying 
cap layer 26, such as an oxide or a nitride. 
[0029] A photoresist is then applied as a mask expos- 
ing only the metallization sections 24 during the Pho* 
toresist Patterning step 136. After the photoresist is pat- 
terned and exposed, developer is used to remove ex- 
posed areas of the photoresist followed by a Plasma De- 
Scum step 138 to remove very small quantities of resist 
that remain in unwanted areas. The dielectric barrier lay- 
er 38 underlying the exposed areas is then etched in the 
Pre- Metallization Etch step 142 to expose the semicon- 
ductor cap layer 24 in the metallization section 24. 
[0030] The pure metal layers of the contact metalliza- 
tion are formed during the Evaporation step 1 44 and any 
excess metal lifted off in the Liftoff step 146 when the 
remaining photoresist is dissolved in acetone. Finally, 
the wafer is heated or annealed during the alloy step 
1 48 to facilitate the reaction of the pure metal layers with 
the cap layer 26. Formation of the pure metal layers in 
step 144 and the subsequent thermal treatment are de- 
scribed in more detail in Figs. 3-6. 
[0031] Figs. 3-6 show a partial cross-section of the 
contact metallization sections 24 (see Fig. 1 ) during fab- 
rication. Fig. 3 shows a partial cross-sectional view cor- 
responding to section lines 3-3, shown In Fig. 1 at two 
contact metallization locations. Referring to Fig. 3, sem- 
iconductor cap layer 26 is shown formed on a multilayer 
structure of semiconductor materials 154, which may 
represent different semiconductor layer sequences de- 
pending on which of the two metallization sections 24 
shown in Fig. 1 is described. Regardless of which of the 



metallization sections 24 is described, the metallization 
sequence formed on it is identical, as described below. 
Clean surface 156 results from the Pre-Metallization 
Etch step 142 (see Fig. 2) and is the surface on which 
5 the pure metal layers are formed as shown in Fig. 4. 
[0032] Cap layer 26 contains impurities, dopants, and 
point defects, including "self-interstitials," some inten- 
tionally included to reduce resistivity and enhance con- 
ductivity. A "self-interstitial" defect in a crystal structure 
10 is an atom or combination of atoms at a position away 
from its equilibrium position in the lattice. A self-intersti- 
tial can exchange positions with Zinc and other impuri- 
ties and hence represent a potential defect where they 
occur. Self-interstitials have been implicated as causes 
'5 of perf omnance degradation for semiconductor devices. 
[0033] Referring to Fig. 4, multilayer gettering contact 
metallization 160 is formed from metallization layers 
162, 164, 166 and 168 and a portion of semiconductor 
cap layer 26. Multilayer semiconductor structure 154 is 
shown underiying the contact metallization structure. 
Multilayer gettering contact metallization 160 is pro- 
duced by f orniing first metallization layer 1 68 on cap lay- 
er 26, second metallization layer 1 66 on first metalliza- 
tion layer 166. third metallization layer 164 on second 
metallization layer 166. and fourth metallization layer 
162 on third metallization layer 164. 
[0034] In a preferred embodiment, first metallization 
layer 1 68 is formed from pure Gold (Au) with a thickness 
of between about 1 nm to 1 1 nm, second metallization 
layer 1 66 is formed from a low-electronegativity metal 
(see below) such as pure Titanium (Tt) with a thickness 
of between about 30 nm to 70 nm, third metallization 
layer 164 is formed from a high-electronegativity metal 
such as pure Platinum (Pt) with a thickness of between 
about 30 nmto 70 nm, andfourih metallization layer 162 
is fomied from pure Gold (Au) with a thickness between 
about 50 nm to 300 nm. 

[0035] In alternate embodiments, second metalliza- 
tion layer 1 66 may be formed from any low-electroneg- 
ativity metal and third metallization layer 164 may be 
formed from any high-electronegativity metal. As dis- 
cussed in more detail in U.S. Patent Application No. 
09/017,103, previously incorporated by reference, a 
low-electronegativity" metal tends to form a strong 
bond with a "high-electronegatlvity" metal and the com- 
bination provides improved protection against diffusion 
of defects, impurities and self-interstrtials. Exemplary 
high-electronegativlty metals include platinum, palladi- 
um and rhodium. Exemplary low-electronegativity met- 
als include titanium, hafnium, zirconium, scandium, lan- 
thanum and cerium. 

[0036] Metallization layers 1 62, 1 64, 166, and 168 are 
preferably fonned by electron-beam evaporation. The 
wafer is placed in a vacuum chamber at pressures be- 
low 5x1 0"^ Torr and all four metallization layers 1 62, 1 64, 
166 and 168 are applied in sequence in a single evap- 
oration without breaking vacuum. The metallization lay- 
ers 1 62, 1 64, 1 66 and 1 68 are applied by physical evap- 
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oration from a pure metal source for each layer using 
an electron-beam gun as a power source. After metalli- 
zation layers 162, 164, 166 and 168 are formed, multi- 
layer gettering contact metallization 1 60 is heated or an- 
nealed to expedite the alloying reaction of the metalli- 
zation layers 1 64, 1 66, and 1 68 with each other and with 
a portion of cap layer 26, resulting In the structure de- 
scribed below with reference to Fig. 5. 
[0037] The alloy step 1 48 (see Fig. 2) consists of heat- 
ing the metallization section 24 (see Rg. 1) or alterna- 
tively the entire EML 10 to a temperature sufficient to 
cause the reaction of the metallization layers 168, 166, 
and 1 64 with each other and with the cap layer 26. This 
alloy step 1 48 is also refen-ed to as "annealing" the metal 
layers. In the embodiment using a pure metal sequence 
of Au\Ti\Pt\Au as the metallization layers 168. 166, 1 64 
and 162. respectively, and when InGaAs doped with Zn 
is the semiconductor cap layer 26 (I.e., p-type contact), 
the wafer is heated to a temperature of 360 degrees Cel- 
sius for between about 0.25 minutes to 7 minutes. This 
heating cycle may be repeated to later alloy the n-type 
contact. An additional heating step may be conducted 
during later bonding and packaging operations in which 
the wafer is heated to a temperature of 360 degrees Cel- 
sius for up to 4 minutes. One advantage of the low-pen- 
etration contact of the present invention Is that the p- 
type contact fomried in the initial alloy is stable with re- 
spect to Its electrical and reliability characteristics even 
during later heating and manufacturing steps. 
[0038] As presently understood, the metallization lay- 
ers 162, 164, 166 and 168 chemically react with each 
other and with the cap layer 26. However, the present 
invention is not necessarily bound by any theory, and 
other theoretical mechanisms may be compatible with 
the present apparatus and method. In the discussion 
above and below, references to a reaction should be tak- 
en accordingly. 

[0039] Rg. 5 illustrates the structure that results after 
the alloy step 148 (see Fig. 2) and the reaction of the 
metallization layers 164, 166 and 168 with each other 
and with the cap layer 26. As presently understood, this 
reaction results in first reacted layer 176 fomied adja- 
cent cap layer 26, second reacted layer 1 74 formed ad- 
jacent first reacted layer 1 76, and third reacted layer 1 72 
fornied adjacent second reacted layer 174. Cap layer 
26 and second and third metallization layers 166 and 
164 are shown with reduced thickness to illustrate the 
reaction's consumption of a portion of those layers. Por- 
tions of these layers 26, 166, 164 remaining uncon- 
sumed by the reaction remain in their respective posi- 
tions from prior to the alloy step 148. Fourth metalliza- 
tion layer 1 62 remains unreacted with underlying layers 
and has an external surface 161 exposed for fomrialion 
of further contact metallization layers such as chemk:at 
barrier layers or mechanical protection layers, as de- 
scribed below with reference to Fig. 6. 
[0040] Reacted layers 1 72. 1 74 and 1 76 are formed 
by the reaction of metallization layers 168, 166 and 1 64 



with each other and with cap layer 26. In one embodi- 
ment of the present invention, first metallization layer 
1 68 reacts with cap layer 26 and may react with second 
metallization layer 166. Second metallization layer 166 
5 may react with metallization layer 1 68, cap layer 26, and 
third metallization layer 164. Third metallization layer 
164 may react with second metallization layer 166. The 
above reactions result in the f onnation of reacted layers 
176, 174 and 172, as several distinct layers discernible 
10 only under high-power magnification (i.e. using trans- 
mission electron microscope or equivalent). For the em- 
bodiment using InGaAS as the cap layer 26 and 
Au\Ti\Pt\Au as the sequence of metallization layers 1 68, 
166, 164 and 162, respectively, first reacted layer 176 
'5 may contain at least Tl and As, second reacted layer 
1 74 may contain at least In, Au and As, and third reacted 
layer 1 72 may contain at least Ti, Ga and Au. 
[0041] Note that the metals of layers involved in the 
reaction may appear to migrate to new positions after 
20 the reaction. This can occur when the layer is completely 
consumed in the reaction. For example, in the exempla- 
ry embodiment described above, after the alloy step 
148, Au Is contained only in layers not in contact with 
the cap layer 26, but Au was initially deposited directly 
2s on the cap layer 26. 

[0042] The amount of cap layer 26 that reacts with the 
metallization layers 168, 166 detemilnes whether the 
contact fomned is "high-penetration** or "low-penetra- 
tion." The more cap layer 26 involved in the reaction, 
30 the higher the penetration. Excess penetration into the 
cap layer 26 is undesirable, because if the cap layer 26 
is fomied too thin, contamination of the semiconductor 
layers 154 can result and negatively affect device relia- 
bility. However, some metallizations penetrate less than 
35 others, and thus an approximate minimum cap layer 
thickness may be determined for each metallization rec- 
ipe. For example, the prior art AuBe metallization pen- 
etrates more than the metallization of the present inven- 
tion. Reliable AuBe contacts require a cap layer 26 at 
^0 least 200 nm thick. In comparison, reliable contacts with 
a 50 nm thick cap layer 26 have been formed using the 
Au\Ti\PAAu metallization. Careful control of the reaction 
time and temperature can also aid in controlling pene- 
tration of the cap layer 26. 
45 [0043] During the reaction of the metallization layers 
1 64, 1 66 and 1 68 with each other and with the cap layer 
26, mobile impurities and self-lnterstitials In the cap lay- 
er 26 and in other neariay layers diffuse into and are 
trapped by the reacted layers. Due to the trapping action 
50 of the reacted layers, the impurities and self-lnterstitials 
migrate toward the reacted layers and out of the semi- 
conductor cap layer 26 and underlying semiconductor 
layers 154. Any later heat-treatment steps also facilitate 
this migration, but such later steps are not required after 
55 the initial reaction during the alloy step 1 48 (see Fig. 2). 
This migration of mobile Impurities and self-interstitials 
is known as "gettering" and helps Improve the perform- 
ance characteristics of the device. The gettering prop- 
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erty of the multilayer gettering contact metallization 1 60 
improves contact reliability and reduces manufacturing 
variability of semiconductor devices formed in accord- 
ance with the present invention, 
[0044] Again, In the above discussion, references to 
a reaction should be interpreted in light of the presently 
understood theory of fomiatlon. However, the present 
invention is not necessarily bound by any theory, and 
other theoretical mechanisms may be compatible with 
the present apparatus and method, in the discussion 
above and below, references to a reaction should be tak- 
en accordingly. 

[0045] After the formation of the multilayer gettering 
contact metallization 160, several additional metal lay- 
ers are deposited on it. Fig. 6 shows the final metalliza- 
tion 200 including the multilayer gettering contact met- 
allization 160 as well as a barrier metallization 210 and 
a mechanical/bonding metallization 220. Barrier metal- 
lization 210 may be fonned of metal layers 212, 214, 
21 6 that provide chemical isolation of the underlying ac- 
tive areas from Impurities that are often generated by 
further processing or normal usage. In particular, barrier 
metallization 210 may be fonned of materials capable 
of preventing diffusion of bonding metals, e.g. tin, cop- 
per or nickel, Into the device and also of preventing dif- 
fusion of semiconductor, e.g. In, atoms out of the device. 
For the Au\71\R\Au contact metallization, an exemplary 
barrier metallization would be TI\P1\Au for layers 216, 
214, 212, respectively. 

[0046] Mechanical/bonding metallization 220 is 
fomied of metal layers 222, 224, 226 that provide me- 
chanical isolation of the underiying layers during bond- 
ing processes used for electrical connections. In partic- 
ular, the mechanical/bonding metallization is preferably 
fonned of materials capable of absorbing bonding 
stresses and preventing penetration of solder into un- 
derlying layers. A layer of Au is customarily used as the 
top mechanical/bonding layer 222 whteh will be exposed 
to air or processing materials since it is the least reactive 
and most easily cleaned metal. For the Au\Ti\Pt\Au con- 
tact metallization and T^Pt\Au barrier metallization, an 
exemplary bonding metaiilzation would be Au\Pt\Au for 
layers 226, 224, 222, respectively. In addition to chem- 
ical and mechanical isolation, the structure consisting of 
contact metallization 160, barrier metallization 210 and 
mechanical/bonding metallization 220 also provides a 
path for heat to escape from the active areas of the un- 
derlying semiconductor 164. 

[0047] Fig. 7 shows the results of aging tests per- 
formed for both the prior art AuBe contact metallization 
and the Au\Ti\PMu contact metallization of the present 
invention. Each point on the graph represents a EML 
semk:onductor laser 10 (see Fig. 1) tested in an accel- 
erated aging environment to detenmine the laser's rate 
of degradation. This is accomplished by subjecting the 
devices to higher temperature (100 degrees Celsius), 
and more stressful bias conditions than actual use con- 
ditions. The EML DFB laser section (see Fig. 1 ) was for- 



ward biased to maintain 200 mA current and the modu- 
lator section was kept at a reverse bias of -5.0 V. The 
laser degradation was monitored by periodically lower- 
ing the temperature and measuring the light output at a 

s fixed cun^ent. 

[0048] The y-axis of Fig. 7 represents the degradation 
rate of each laser, in units of % degradation per thou- 
sand hours. The x-axis represents deviatton from stand- 
ard normal for the testing sample (bottom of chart) or 

'0 alternatively the equivalent percentage of lasers in the 
sample exhibiting this degradation behavior (top of 
chart). Data trends 186 and 188 represent lasers con- 
structed with the prior art AuBe contact metallization, 
and data trends 1 82 and 1 84 represent lasers construct- 

'5 ed with the multilayer gettering contact metallization 1 60 
(see Fig. 5) with sequence Au\Ti\Pt\Au in accordance 
with the present invention. 

[0049] Refening to the y-axis shown in Fig. 7, lower 
is better for degradation rates, and hence data trends 

20 1 82 and 1 84 for the present invention show an improve- 
ment over degradation rate trends 186 and 188 for the 
prior art. The median degradation rate for lasers with the 
contact metallization of the present invention was be- 
tween about 2.12 and 2.94 %/Khr, while the degradation 

2s rate for prior art lasers was between about 17.3 and 
19.59 %/Khr. The present invention provides significant 
improvement in degradation rates. 
[0050] The contact metallization of the present inven- 
tion thus allows for increased levels of integration of the 

30 underlying semteonductor by its use of thin metallization 
layers and its compatibility with a thin semiconductor 
cap layer, exhibits improved reliability characteristics as 
described above, and has a suitably low contact resist- 
ance. For example, for a cap layer doped with Zn, the 

35 resulting device shows a contact resistance equivalent 
to that of the prior art AuBe contact structure. Contact 
resistance is controlled by the concentration of active 
dopant in the cap layer and may be even further reduced 
if a low-diffusion dopant such as Cartjon is used instead 

40 of Zn. 

[0051] Fig. 8 illustrates an exemplary communica- 
tions system 250 constructed in accordance with the 
present invention. Communications system 250 in- 
cludes a semiconductor laser 252, a laser signal receiv- 
es er 256, and an optical fiber link 254, The semiconductor 
laser 252 includes a multilayer gettering contact metal- 
lization as described above. System 250 operates by 
transmitting communications data from laser 252 to re- 
ceiver 256 through the fiber link 254, which acts as a 
50 conduit. Data to be transmitted is transduced at laser 
252 from electrical signals into photons which travel 
through the fiber link 254 to the receiver 256 which trans- 
duces the photons back into electrical signals. 
[0052] While the invention has been described in de- 
55 tail in connection with the preferred embodiments 
known at the time, it should be readily understood that 
the invention Is not limited to such disclosed embodi- 
ments. Rather, the invention can be modified to incor- 
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porale any number of variations, alterations, substitu- 
tions or equivalent arrangements not heretofore de- 
scribed, but which are commensurate with the spirit and 
scope of the invention. Accordingly, the invention is not 
to be seen as limited by the foregoing description, but 
is only limited by the scope of the appended claims. 



Claims 

1. A multilayer gettering contact metallization, com- 
prising: 

a semiconductor cap layer; and 
a low-penetration electrical contact formed on 
said cap layer including a plurality of metal lay- 
ers, at least one of which reacts with said cap 
layer to remove mobile impurities and self-in- 
terstitials from said cap layer. 

2. The contact metallization of claim 1 wherein said 
metal layers are annealed layers. 

3. The contact metallization of claim 1 wherein said 
metal layers are electron-beam evaporated layers. 

4. The contact metallization of claim 1 wherein said 
cap layer is a compound semiconductor doped with 
Zinc. 

5. The contact metallization of claim 1 wherein said 
cap layer is a compound semiconductor doped with 
Carbon. 

6. The contact metallization of claim 1 wherein said 
cap layer is a compound semiconductor including 
indium, Gallium and Arsenic and Is doped with Zinc. 

7. The contact metallization of claim 1 wherein said 
cap layer is a compound semiconductor including 
Indium, Gallium and Arsenic and is doped with Car- 
bon. 

8. The contact metallization of claim 1 wherein said 
cap layer has a thickness of between about 30 nm 
and 500 nm. 

9. The contact metallization of claim 1 wherein said 
cap layer has a thickness greater than about 30 nm 
and less than about 200 nm. 

10. The contact metallization of claim 1 wherein said 
cap layer has a thickness of about 50 nm. 

11. The contact metallization of claim 1 wherein said 
plurality of metal layers Includes at least one layer 
of Gold, at least one layer of a low-electronegativrty 
metal, and at least one layer of a high-electroneg- 



ativity metal. 

12. The contact metallization of claim 1 wherein said 
plurality of metal layers includes a first layer of Gold 
s formed on said cap layer, a second layer of Titanium 
formed on said first layer, a third layer of Platinum 
formed on said second layer, and a fourth layer of 
Gold fomned on said third layer. 

10 13. The contact metallization of claim 12 wherein said 
first layer reacts with said cap layer, and said sec- 
ond layer reacts with said cap layer, said first layer, 
and said third layer. 

15 14. The contact metallization of claim 12 wherein said 
rtrst layer has a thickness of between about 1 nm to 
11 nm, said second layer has a thickness of be- 
tween about 30 nm to 70 nm, said third layer has a 
thickness of between about 30 nm to 70 nm, and 

20 said fourth layer has a thickness of between about 
50 nm to 300 nm. 

15. The contact metallization of claim 1 wherein said 
cap layer is reacted with said at least one metal lay- 
25 er whereby said plurality of metal layers includes a 
first layer containing at least Gold and Indium and 
a second layer containing at least Titanium and 
Gold. 

30 16. The contact metallization of claim 1 wherein said 
mobile Impurities include Zinc. 

17. The contact metallization of claim 1 wherein said 
self-interstitials include atoms of Indium or Gallium. 

35 

18. The contact metallization of claim 1 wherein said 
mobile Impurities and self-lnterstitlals include atoms 
of at least one of the group selected from Copper, 
Zinc, Indium and Gallium. 

40 

1 9. The contact metallization of claim 1 further compris- 
ing a ban'ler metallization fonned on said plurality 
of metal layers including a first barrier layer of a low- 
electronegativity metal, a second barrier layer of a 

^5 high-electronegativity metal, and a third barrier lay- 
er of Au. 

20. The contact metallization of claim 19 further com- 
prising a bonding metallization formed on said bar- 

50 rier metallization including a first bonding layer of 
Au, a second bonding layer of Pt, and a third bond- 
ing layer of Au. 

21. An optoelectronic integrated circuit, comprising: 

55 

a semiconductor device including a plurality of 

semiconductor device layers; and 

at least one multilayer gettering contact metal- 
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llzatlon formed on said plurality of device lay- layer of Platinum fomied on said second layer, and 

ers, comprising: a fourth layer of Gold fornied on said third layer. 

a semiconductor cap layer; 33. The optoelectronic integrated circuit of claim 32 

a tow-penetration electrical contact fornied 5 wherein said first layer reacts with said cap layer, 
on said cap layer including and said second layer reacts with said cap layer, 

said first layer, and said third layer. 

a plurality of metal layers, at least one of which 

reacts with said cap layerto remove mobile Im- 34. The optoelectronic integrated circuit of claim 32 
purities and self interstillals from said cap layer. io wherein said first layer has a thickness of between 

about 1 nm to 11 nm, said second layer has a thick- 

22. The optoelectronic Integrated circuit of claim 21 ness of between about 30 nm to 70 nm, said third 
wherein said metal layers are annealed layers. layer has a thickness of between about 30 nm to 70 

nm, and said fourth layer has a thk:kness of be- 

23. The optoelectronic integrated circuit of claim 21 is tween about 50 nm to 300 nm. 
wherein said metal layers are electron-beam evap- 
orated layers. 35. The optoelectronic integrated circuit of claim 21 

wherein said cap layer is reacted with said at least 

24. The optoelectronic integrated circuit of claim 21 one metal layer whereby said plurality of metal lay- 
whe rein said cap layer is a compound semiconduc- 20 ers includes a first layer containing at least Gold and 
tor doped with Zinc. Indium and a second layer containing at feast Tita- 
nium and Gold. 

25. The optoelectronic integrated circuit of claim 21 

wherein said cap layer is a compbund semiconduc- 36. The optoelectronc integrated circuit of claim 21 
tor doped with Carbon. 2$ wherein said mobile impurities include Zinc. 

26. The optoelectronic integrated circuit of claim 21 37, The optoelectronic integrated circuit of claim 21 
wherein said cap layer is a compound semiconduc- wherein said self-lnterstitlals include atoms of Indi- 
tor including Indium. Gallium and Arsenic and is um or Gallium. 

doped with Zinc. 30 

38. The optoelectronic integrated circuit of claim 21 

27. The optoelectronic integrated circuit of claim 21 wherein said mobile impurities and self-interstitials 
wherein said cap layer is a compound semiconduc- include atoms of at least one of the group selected 
tor including Indium, Gallium and Arsenic and is from Copper, Zinc, Indium and Gallium. 

doped with Carbon. 3$ 

39. The optoelectronic integrated circuit of claim 21 fur- 

28. The optoelectronic integrated circuit of claim 21 ther comprising a ban^ier metallization formed on 
wherein said cap layer has a thickness of between said plurality of metal layers including a first barrier 
about 30 nm and 500 nm. layer of a low-electronegativity metal, a second bar- 

40 rier layer of a high-electronegativity metal, and a 

29. The optoelectronic integrated circuit of claim 21 third barrier layer of Au. 
wherein said cap layer has a thickness greater than 

about 30 nm and less than about 200 nm, 40. The optoelectronic integrated circuit of claim 39 fur- 

ther comprising a bonding metallization formed on 

30. The optoelectronic integrated circuit of claim 21 45 said barrier metallization including a first bonding 
wherein said cap layer has a thickness of about 50 layer of Au, a second bonding layer of Pi, and a third 
niT^- bonding layer of Au. 



31. The optoelectronic Integrated circuit of claim 21 
wherein said plurality of metal layers includes at 50 
least one layer of Gold, at least one layer of a low- 
electronegath/lty metal, and at least one layer of a 
high-electronegatlvity metal. 

32. The optoelectronic integrated circuit of claim 21 55 
wherein said plurality of metal layers includes a first 
layer of Gold fonned on said cap layer, a second 
layer of Titanium fomied on said first layer, a third 



41 . A multiple-quantum-well semiconductor laser, com- 
prising: 

a multiple-quantum-welt semiconductor devk:e 
including a plurality of semk:onductor device 
layers; and 

at least one multilayer getlering contact metal- 
lization fomied on said plurality of device lay- 
ers, comprising: 
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a semiconductor cap layer; 

a low-penetration electrical contact formed 

on said cap layer including 

a plurality of metal layers, at least one of which 
reacts with said cap layer to remove mobile im- 
purities and self-interstitials from said cap layer. 

42. The laser of daim 41 wherein said metal layers are 
annealed layers. 

43. The laser of claim 41 wherein said metal layers are 
electron-beam evaporated layers. 

44. The laser of claim 41 wherein said cap layer Is a 
compound semiconductor doped with Zinc. 

45. The laser of claim 41 wherein said cap layer is a 
compound semiconductor doped with Carbon. 

46. The laser of claim 41 wherein said cap layer is a 
compound semiconductor including Indium, Gal- 
lium and Arsenic and is doped with Zinc. 

47. The laser of claim 41 wherein said cap layer is a 
compound semiconductor including Indium, Gal- 
lium and Arsenic and is doped with Carbon. 

48. The laser of claim 41 wherein said cap layer has a 
thickness of between about 30 nm and 500 nm. 

49. The laser of claim 41 wherein said cap layer has a 
thickness greater than about 30 nm and less than 
about 200 nm. 

50. The laser of claim 41 wherein said cap layer has a 
thk:kness of about 50 nm. 

51. The laser of claim 41 wherein said plurality of metal 
layers includes at least one layer of Gold, at least 
one layer of a low-electronegativity metal, and at 
least one layer of a hlgh-electronegath^ity metal. 

52. The laser of claim 41 wherein said plurality of metai 
layers includes a first layer of Gold formed on said 
cap layer, a second layer of Titanium f onned on said 
first layer, a third layer of Platinum fomried on said 
second layer, and a fourth layer of Gold fonned on 
said third layer. 

53. The laser of claim 52 wherein said first layer reacts 
with said cap layer, and said second layer reacts 
with said cap layer, said first layer, and said third 
layer. 

54. The laser of claim 52 wherein said first layer has a 
thickness of between about 1 nm to 1 1 nm, said sec- 
ond layer has a thickness of between about 30 nm 



to 70 nm, said third layer has a thickness of between 
about 30 nm to 70 nm, and said fourth layer has a 
thickness of between about 50 nm to 300 nm. 

5 55. The laser of claim 41 wherein said cap layer is re- 
acted with said at least one metal layer whereby 
said plurality of metal layers includes a first layer 
containing at least Gold and Indium and! a second 
layer containing at least Titanium and Gold. 

10 

56. The laser of claim 41 wherein said mobile impurities 
include Zinc. 

57. The laser of claim 41 wherein said self-interstitials 
f5 include atoms of Indium or Gallium. 

58. The laser of claim 41 wherein said mobile impurities 
and self-interstitials include atoms of at least one of 
the group selected from Copper, Zinc, Indium and 

20 Gallium. 

59. The laser of claim 41 further comprising a barrier 
metallization fonned on said plurality of metal layers 
including a first barrier layer of a low-electronega- 

25 tivity metal, a second ban^ier layer of a high-elec- 
tronegativity metal, and a third barrier layer of Au. 

60. The laser of claim 59 further comprising a bonding 
metallization fornned on said barrier metallization in- 

30 eluding a first bonding layer of Au, a second bonding 
layer of R, and a third bonding layer of Au. 

61. An electroabsorptlon modulated laser (EML), com- 
prising: 

35 

an electroabsorptlon modulated semiconduc- 
tor device including a plurality of semiconductor 
device layers; and . 

at least one multilayer gcttering contact metal- 
40 lizatton fonned on said plurality of device lay- 

ers, comprising: 

a semiconductor cap layer; 
a low-penetration electrteal contact formed 
4^ on said cap layer including 

a plurality of metal layers, at least one of which 
reacts with said cap layer to remove mobile im- 
purities and self-interstitials from said cap layer. 

50 

62. The laser of claim 61 wherein said metal layers are 
annealed layers. 

63. The laser of claim 61 wherein said metai layers are 
55 electron-beam evaporated layers. 

64. The laser of claim 61 wherein said cap layer is a 
compound semiconductor doped with Zinc. 
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65. The laser of claim 61 wherein said cap layer is a 
compound semiconductor doped with Carbon. 

66. The laser of claim 61 wherein said cap layer is a 
compound semiconductor including Indium, Gal- 
lium and Arsenic and Is doped with 2inc. 

67. The laser of claim 61 wherein said cap layer is a 
compound semiconductor including Indium, Gal- 
lium and Arsenic and is doped with Carbon. 

68. The laser of claim 61 wherein said cap layer has a 
thickness of between about 30 nm and 500 nm. 

69. The laser of claim 61 wherein said cap layer has a 
thickness greater than about 30 nm and less than 
about 200 nm. 

70. The laser of claim 61 wherein said cap layer has a 
thickness of about 50 nm. 

71 . The laser of claim 61 wherein said plurality of metal 
layers includes at least one layer of Gold, at least 
one layer of a low-electronegativity metal, and at 
least one layer of a high-electronegativity metal. 

72. The laser of claim 61 wherein said plurality of metal 
layers includes a first layer of Gold formed on said 
cap layer, a second layer of Titanium formed on said 
first layer, a third layer of Platinum fonfned on said 
second layer, and a fourth layer of Gold formed on 
said third layer. 

73. The laser of claim 72 wherein said first layer reacts 
with said cap layer, and said second layer reacts 
with said cap layer, said first layer, and said third 
layer. 

74. The laser of claim 72 wherein said first layer has a 
thickness of between about 1 nm to 1 1 nm, said sec- 
ond layer has a thickness of between about 30 nm 
to 70 nm, saidthird layer has a thickness of between 
about 30 nm to 70 nm, and said fourth layer has a 
thtekness of between about 50 nm to 300 nm. 

75. The laser of claim 61 wherein said cap layer is re- 
acted with said at least one metal layer whereby 
said plurality of metat layers includes a first layer 
containing at (east Gold and Indium and a second 
layer containing at least Trtanium and Gold. 

76. The laser of claim 61 wherein said mobile impurities 
include Zinc. 

77. The laser of claim 61 wherein said self-interstitials 
include atoms of Indium or Gallium. 

78. The laser of claim 61 wherein said mobile Impurities 



and self-interstitials include atoms of at least one of 
the group selected from Copper, Zinc, Indium and 
Gallium. 

s 79. The laser of claim 61 further comprising a barrier 
metallization fonmed on said plurality of metal layers 
including a first barrier layer of a low-electronega- 
tivity metal, a second bamer layer of a high-elec- 
tronegativity metal, and a third barrier layer of Au. 

10 

80. The laser of claim 79 further comprising a bonding 
metallization formed on said banrier metallization in- 
cluding a first bonding layer of Au, a second bonding 
layer of Pt, and a third bonding layer of Au. 

IS 

81. An optoelectronic communications system, com- 
prising: 

a semiconductor laser; 

an optoelectronic receiver, and 

an optical link connecting said laser and said 

receiver, 

wherein at least one of said laser, said link, and 
said receiver includes a multilayer gettering 
25 contact metallization, comprising: 

a semiconductor cap layer; and 

a low-penetration electrical contact fomried 

on said cap layer including 

30 

a plurality of metal layers, at least one of whkih 
reads with said cap layer to remove mobile im- 
purities and self-interstitials from said cap layer. 

3S 82. The system of claim 81 wherein said metal layers 
are annealed layers. 

83. The system of claim 81 wherein said metal layers 
are electron-beam evaporated layers. 

40 

84. The system of claim 81 wherein said cap layer is a 
compound semiconductor doped with Zinc. 

85. The system of claim 81 wherein said cap layer is a 
^5 compound semiconductor doped with Cari:>on. 

86. The system of claim 81 wherein said cap layer is a 
compound semiconductor including Indium, Gal- 
lium and Arsenic and is doped with Zinc. 

50 

87. The system of claim 81 wherein said cap layer is a 
compound sembonductor including Indium, Gal- 
lium and Arsenk: and is doped with Cartson. 

55 88. The system of claim 81 wherein said cap layer has 
a thickness of between about 30 nm and 500 nm. 

89. The system of claim 81 wherein said cap layer has 
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a thickness greater than about 30 nm and less than 
about 200 nm. 

90. The system of claim 81 wherein said cap layer has 
a thickness of about 50 nm. 

91. The system of claim 81 wherein said plurality of 
metal layers includes at least one layer of Gold, at 
least one layer of a low-electronegativity metal, and 
at least one layer of a high-electronegativity metal. 

92. The system of claim 81 wherein said plurality of 
metal layers includes a first layer of Gold fonned on 
said cap layer, a second layer of Titanium formed 
on said first layer, a third layer of Platinum formed 
on said second layer, and a fourth layer of Gold 
formed on said third layer. 

93. The system of claim 92 wherein said first layer re- 
acts with said cap layer, and said second layer re- 
acts with said cap layer, said first layer, and said 
third layer 

94. The system of claim 92 wherein said first layer has 
a thickness of between about 1 nm to 11 nm, said 
second layer has a thickness of between about 30 
nm to 70 nm, said third layer has a thickness of be- 
tween about 30 nm to 70 nm, and said fourth layer 
has a thickness of between about 50 nm to 300 nm. 

95. The system of claim 81 wherein said cap layer is 
reacted with said at least one metal layer whereby 
said plurality of metal layers includes a first layer 
containing at least Gold and Indium and a second 
layer containing at least Trtanlum and Gold. 

96. The system of claim 81 wherein said mobile impu- 
rities include Zinc. 

97. The system of claim 81 wherein said self-intersti- 
tials include atoms of Indium or Gallium. 

98. The system of claim 81 wherein said mobile impu- 
rities and self-interstitials include atoms of at least 
one of the group selected from Copper, Zinc, indium 
and Gallium. 

99. The system of claim 81 further comprising a barrier 
metallization fomned on said plurality of metal layers 
including a first barrier layer of a low-electronega- 
tivity metal, a second barrier layer of a high-elec- 
tronegativity metal, and a third barrier layer of Au. 

100 . The system of claim 99 further comprising a bond- 
ing metallization formed on said barrier metalliza- 
tion including a first bonding layer of Au, a second 
bonding layer of Pt, and a third bonding layer of Au. 



101 .A method of producing a multilayer gettering con- 
tact metallization in a laser semiconductor device 
having; a cap layer, comprising the acts of: 

5 forming a dielectric bamer layer on said cap 

layer; 

removing portions of said dielectric ban^ier layer 
according to a pattem to expose portions of 
said cap layer; 

10 forming a plurality of pure metal layers on said 

exposed cap layer portions, at least one of 
which is capable of gettering mobile impurities 
and self-interstltials present in said cap layer; 
and 

15 heating said plurality of pure metal layers to 

cause mobile impurities and self-interstitials in 
at least said cap layer to be gettered in said plu- 
rality of pure metal layers. 

20 102.The method of claim 101 wherein said fomnlng of 
said dielectric barrier layer includes fomiing said 
banrier layer using an oxide or a nitride. 

lOS.The method of claim 101 wherein said fomiing of 
25 said pure metal layers includes electron-beam 
evaporation in a vacuum. 

104. The method of claim 101 wherein said act of heating 
includes heating said metal layers at a temperature 

30 of about 350 degrees Celsius for between about 
0.25 minutes to 7 minutes. 

105. The method of claim 101 wherein said fomiing of 
said pure metal layers includes forming at least one 

35 layer of Gold, at least one layer of a low-electron- 
egativity metal, and at least one layer of a high-elec- 
tronegativity metal. 

lOe.The method of claim 101 wherein said forming of 
40 said pure metal layers includes fomiing a first layer 
of Gold on said cap layer, a second layer of Titanium 
on said first layer, a third layer of Platinum on said 
second layer, and a fourth layer of Gold on said third 
layer. 

45 

1 07.The method of claim 1 06 wherein said first layer re- 
acts with said cap layer, and saki second layer re- 
acts with said cap layer, said first layer, and said 
third layer. 

50 

lOS.The method of claim 106 wherein said forming of 
said first, second, third and fourth layers includes 
forming said first layer to a thickness of between 
about 1 nm to 11 nm, said second layer to a thick- 
55 ness of between about 30 nm to 70 nm, said third 
layer to a thickness of between about 30 nm to 70 
nm, and said fourth layer to a thickness of between 
about 50 nm to 300 nm. 
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109 The method of claim 101 wherein said cap layer re- 
acts with said plurality of metal layers to form at 
least a first layer and a second layer, said first layer 
containing at least Gold and Indium and said sec- 
ond layer containing at least Titanium and Gold. s 

IIO.The method of claim 101 wherein said metal layers 
react with a controlled amount of said cap layer, said 
controlled amount detennlned by a thickness of 
said metal layers fomf^ed on said cap layer, a time io 
for which said metal layers are heated, and a tem- 
perature at which said metal layers are heated. 

Ill .The method of claim 101 wherein said act of heating 
causes mobile Impurities to be gettered including at is 
least Zinc. 

1 12. The method of claim 101 wherein said act of heating 
causes self-interstitiats to be gettered Including at 
least atonris of Indium or Gallium. 20 

113. Themethodof claim 101 wherein said act of heating 
causes mobile impurities and self-interstitials to be 
gettered including atoms of at least one of the group 
consisting of Copper, Zinc, Indium and Gallium. 2S 

114. Themethodof dalm 101 further comprising forming 
a bamer metallization on said plurality of metal lay- 
ers, said barrier metallization including a first barrier 
layer of a low-electronegativity metal, a second bar- so 
rier layer of a high-electronegativity metal, and a 
third barrier layer of Au. 

1 1 S.The method of claim 114 further comprising forming 
a bonding metallization on said barrier metalllza- 35 
tion, said bonding metallization including a first 
bonding layer of Au, a second bonding layer of Pt, 
and a third bonding layer of Au. 
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